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OBJECTIVES This study was designed to evaluate the effect of septal reduction therapies on the conduction
system for patients with hypertrophic cardiomyopathy (HCM).
BACKGROUND Heart block is a potential complication of both catheter-based and surgical procedures to
relieve left ventricular outflow tract obstruction in HCM, but it is important to understand
the different effects of these treatments on the conduction system.
METHODS The electrocardiograms and postoperative course of patients who underwent percutaneous
alcohol septal ablation or surgical myectomy at Mayo Clinic between 1999 and 2003 were
reviewed.
RESULTS For the 58 patients who underwent alcohol septal ablation, 21 (36%) developed right bundle
branch block. Six patients (12%) developed complete heart block requiring permanent pacing,
three of whom had left bundle branch block before the procedure. Among the 117 patients
who underwent surgical septal myectomy, 47 (40%) developed left bundle branch block. Four
patients (3%) developed heart block requiring permanent pacing after the procedure, three of
whom had right bundle branch block preoperatively.
CONCLUSIONS Percutaneous septal ablation selectively produces transmural infarction of the basal mid-
septum and adjacent right bundle tissue, whereas surgical myectomy affects the endocardial
portion of the basal anterior septum and adjacent left bundle tissue. These observations may
help identify patients at risk for complete heart block after septal reduction procedures for
HCM. (J Am Coll Cardiol 2004;44:2329–32) © 2004 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.09.036Cardiology Foundation
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vurgical myectomy is the gold standard for treatment of
everely symptomatic patients with hypertrophic cardiomy-
pathy (HCM) and obstruction who are refractory to
edical therapy (1,2). Catheter-based alcohol injection into
he septal coronary arteries to create a localized infarct in the
asal septum has evolved as a less invasive alternative to
urgery (3,4). These therapies relieve left ventricular outflow
ract (LVOT) obstruction by ablating or removing myocar-
ial tissue in the ventricular septum and can cause damage
o the adjacent bundle branches, resulting in complete heart
lock (CHB) (5,6). Because specific, but different, portions
f the ventricular septum are affected by each procedure, the
isk of postprocedural heart block may depend on pre-
xisting conduction abnormalities as well as the type of
ntervention.
ETHODS
atient selection. Patients with HCM who underwent
ercutaneous alcohol septal ablation or surgical septal my-
ctomy at Mayo Clinic between July 1999 and December
003 were identified from the Mayo Clinic HCM database.
ll patients were severely symptomatic (New York Heart
From the *Mayo Graduate School of Medicine and the Divisions of †Cardiovas-
ular Diseases, ‡Anatomic Pathology, and §Cardiac Surgery, Mayo Foundation,
ochester, Minnesota.e
Manuscript received May 6, 2004; revised manuscript received August 5, 2004,
ccepted September 6, 2004.ssociation functional class III to IV) and had the diagnosis
f HCM established by two-dimensional echocardiography
ith a dynamic LVOT obstruction (gradient 50 mm Hg
t rest or with provocation). This study was approved by the
ayo Clinic Institutional Review Board, and informed
onsent was obtained from all patients.
Of the 65 patients who underwent septal ablation therapy,
even were paced before the procedure and were excluded from
he study. The remaining 58 patients made up Group 1. Of the
31 patients who underwent surgical septal myectomy, 14 were
aced before the procedure and were excluded. The remaining
17 patients made up Group 2.
linical data. Standard resting 12-lead electrocardiograms
ere recorded before and after the procedure (30  100
ays) and blindly reviewed. All patients underwent contin-
ous electrocardiographic monitoring after their procedure
or at least three days.
atheterization procedure. Percutaneous alcohol septal
blation was performed as previously described (3,4). As-
ending aortic pressure and high-fidelity measurements of
eft ventricular and left atrial pressures were continuously
ecorded throughout the procedure, and a temporary pacing
atheter was placed in the right ventricle. Following coro-
ary angiography, an angioplasty balloon was used to
cclude the artery (or arteries) that supplied the basal
entricular septum identified by contrast fluoroscopy and
chocardiography. One to 3 ml of ethanol was then injected
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Alcohol Septal Ablation Versus Surgical Myectomy December 21, 2004:2329–32ver 5 to 15 min into the artery (or arteries) to cause a
ocalized infarct. Abolition of the LVOT gradient and
ocalization of the infarction by echocardiography were used
s end points.
urgical procedure. The septal myectomy operation was
erformed through a transaortic approach, creating a rect-
ngular trough by making two parallel longitudinal incisions
n the basal septum (2). Incisions were connected proximally
elow the aortic valve and extended distally just beyond the
evel of mitral-septal contact or, in some patients, to the
ase of papillary muscles (i.e., extended myectomy). Intra-
perative transesophageal echocardiography was performed
n all patients to document relief of obstruction and mitral
egurgitation.
athology. For the patients who underwent the surgical
rocedure, resected myocardium was evaluated for the
resence of left bundle branch block (LBBB) tissue as
reviously described (7). Microscopic slides were stained
ith hematoxylin and eosin.
tatistical analysis. Univariate analysis was performed us-
ng Fisher exact test for nominal variables and standard t
ests for continuous variables. Preoperative and postopera-
ive measurements were compared with paired t tests. A
ogistic regression model for subsequent need of pacing was
eveloped with stepwise selection techniques using variables
f age, gender, volume of alcohol, number of septal perfo-
ator arteries treated, and the presence of underlying LBBB.
ESULTS
roup 1—alcohol septal ablation. Among the 58 patients
ho underwent alcohol septal ablation, the mean age was 60
ears, and 30 were men. The average gradient was 72 mm
g at the start of the procedure and 11 mm Hg at its
Abbreviations and Acronyms
CHB  complete heart block
HCM  hypertrophic cardiomyopathy
LBBB  left bundle branch block
LVOT left ventricular outflow tract
PPM  permanent pacemaker
RBBB  right bundle branch block
able 1. Pre- and Postprocedural Atrioventricular Conduction Pa
Alcohol Ablation (n  58)
Preoperative
Conduction Pattern
Postoperative
Conduction Pattern
ormal (n  52) Normal (n  28) 54%
LBBB (n  0) 0%
RBBB (n  21) 40%
CHB (n  3) 6%
BBB (n  2) RBBB (n  2) 100%
CHB (n  0) 0%
BBB (n  4) LBBB (n  1) 25%
CHB (n  3) 75%HB  complete heart block; LBBB  left bundle branch block; RBBB  right bundleompletion. Overall, 21 of 58 patients (36%) developed
ight bundle branch block (RBBB), none (0%) developed
BBB, and 6 (12%) developed persistent CHB requiring a
ermanent pacemaker (PPM) (Table 1). Three of four
atients with a preoperative LBBB developed CHB. Of the
ix requiring PPM, three patients developed CHB during
he procedure, which persisted at least several hours after
he procedure, and underwent PPM implantation. Three
atients had transient heart block during the injection of
lcohol that lasted for 1 to 10 min with return of normal
inus rhythm but subsequently developed CHB, with im-
lantation of a PPM at 1 (1 patient) and 3 (2 patients) days
fter the procedure. At follow-up, two of the patients who
nderwent implantation of a PPM remained pacemaker
ependent. In the logistic regression analysis, LBBB was
he only independent predictor of need for a PPM second-
ry to CHB.
roup 2—surgical septal myectomy. For the 117 patients
ho underwent surgical septal myectomy, the mean age was
9 years, and 65 were men. The average outflow tract
radient was 59 mm Hg preoperatively and 7 mm Hg
ostoperatively (p  0.0001). Overall, 47 patients (40%)
ostoperatively developed LBBB, none (0%) developed
BBB, and 4 (3%) developed CHB (Table 1). Of the four
atients requiring PPM, two developed atrial fibrillation
wo days postoperatively with transient episodes of CHB,
nderwent implantation of a PPM, and were not pacemaker
ependent on follow-up. The remaining two patients de-
eloped CHB (Table 1) immediately postoperatively that
ersisted 2 days, underwent PPM placement, and were
till pacemaker dependent at follow-up. Among the five
atients with preoperative RBBB, three required a PPM
fter septal myectomy for CHB. For the 102 patients with
normal QRS preoperatively, only 1 (1%) developed CHB
nd the need for a PPM.
Histologic analysis of resected myocardium revealed left
undle tissue in 44 patients (38%). Of the four patients who
eveloped CHB requiring a pacemaker, conduction tissue
as found in two. Of the 57 patients with postoperative
BBB, conduction tissue was identified in 21 (37%). Of the
4 patients with normal conduction at the end of the
rocedure, conduction tissue was seen in 20 (37%).
s
Surgical Myectomy (n  117)
Preoperative
Conduction Pattern
Postoperative
Conduction Pattern
Normal (n  102) Normal (n  54) 53%
LBBB (n  47) 46%
RBBB (n  0) 0%
CHB (n  1) 1%
RBBB (n  5) RBBB (n  2) 40%
CHB (n  3) 60%
LBBB (n  10) LBBB (n  10) 100%
CHB (n  0) 0%tternbranch block.
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onduction system defects are complications of both septal
yectomy and septal ablation. The frequency of CHB
equiring pacing after septal ablation has varied from 10% to
3% (4–6,8). In contrast, the rate of postprocedure CHB
equiring pacing after surgical septal myectomy has re-
ained low among experienced surgeons and, as shown
erein, is1% in the absence of a pre-existing RBBB (1,2).
he high incidence of CHB in early series of alcohol septal
blation may have resulted from rapid administration of
elatively large volumes of ethanol. In more recent studies,
njection of smaller doses of ethanol (1 to 2 ml) over longer
ime periods (5 to 10 min) has decreased the incidence of
HB (6). Risk factors for CHB in other studies were
BBB, first-degree atrioventricular block, female gender,
olume of alcohol, and number of septal perforators treated
5,6,8). These findings are supported by the data herein,
here an underlying LBBB was the major risk factor for
HB.
The most common electrocardiographic change seen
fter alcohol septal ablation is the development of RBBB, as
pposed to a LBBB, in patients after surgical septal myec-
omy. The different effects of alcohol septal ablation and
urgical septal myectomy on the cardiac conduction system
an be explained by differences in their mechanisms and
ocations for achieving septal remodeling and relief of
utflow tract obstruction (Fig. 1). Percutaneous septal
blation creates a transmural septal infarct midway between
he anterior and inferior free walls. Because this area also
ontains the cord-like right bundle, infarction commonly
esults in electrocardiographic RBBB. The total area of
nfarction, however, is dependent upon the region supplied
y the varied course of the septal perforator arteries. Thus,
f the left bundle is in the distribution of the targeted septal
igure 1. Schematic diagram of different mechanisms for atrioventricular c
OCM  hypertrophic obstructive cardiomyopathy; LBB  left bundleerforator artery, CHB cannot be avoided. In addition, if Ehere is an underlying LBBB, the incidence of heart block is
igher.
In contrast, the left bundle represents a broad subendo-
ardial sheet of specialized conduction tissue. Surgical septal
yectomy removes a large area of subendocardial tissue in
he anterior portion of the septum, which can affect the left
undle conduction. Distortion and traction of the septal
ndomyocardium and left bundle may further impair elec-
rical conduction, as may subsequent fibrosis along the
ncision surface (neo-endocardium) and adjacent left bundle
bers. The surgical technique avoids the deeper right
undle, which is located more in the middle and inferior
ortion of the septum.
tudy limitations. Statistical analysis is limited by the
ample size of the study. Although no patient in this study
eveloped CHB after 72 h, the late development of CHB
annot be ruled out (5). There were patients who underwent
mplantation of a PPM for CHB in the perioperative period
ut were not pacemaker dependent upon follow-up. Further
ata are needed to determine the optimal timing and
ndication for a PPM after the onset of CHB following
hese procedures.
onclusions. Patients with baseline RBBB are more likely
o need long-term pacing after surgical septal myectomy,
hereas those with LBBB are more likely to need pacing
fter alcohol septal ablation. An understanding of the
echanical effects of both procedures on the bundle
ranches should allow better prediction of the risk of CHB
or individual patients. These data also support electrocar-
iographic monitoring for at least 72 h following septal
eduction procedures.
eprint requests and correspondence: Dr. Rick A. Nishimura,
ayo Clinic, 200 First Street S.W., Rochester, Minnesota 55905.
ction tissue injury by alcohol septal ablation and surgical septal myectomy.
h; RBB  right bundle branch.-mail: nishimura.rick@mayo.edu.
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